A topological analysis of goldfish kainate receptors predicts three transmembrane segments.
Glutamate receptors are the most abundant excitatory neurotransmitter receptors in vertebrate brain. We have previously cloned cDNAs encoding two homologous kainate receptors (GFKAR alpha, 45 kDa, and GFKAR beta, 41 kDa) from goldfish brain and proposed a topology with three transmembrane domains (Wo, Z. G., and Oswald, R. E. (1994) Proc. Natl. Acad. Sci. U.S.A. 91, 7154-7158). These studies have been extended using an in vitro translation/translocation system in conjunction with site-specific antibodies and point and deletion mutations. We report here that the entire region between the previously proposed third and fourth transmembrane segments is translocated and likely to be extracellular in mature receptors. This was based on the following results. 1) The entire segment was protected from Proteinase K and trypsin digestion and could be immunoprecipitated by a site-specific antibody. 2) Functional sites for N-glycosylation are present in the C-terminal half of the segment, and 3) a mutation, constructed with an additional consensus site for N-glycosylation in the N-terminal half of the segment, was found to be glycosylated at that site. Given the fact that the N terminus of the protein is likely to be extracellular, this would place an even number of transmembrane segments between the extracellular N terminus and the glycosylated segment. In addition, results of N-glycosylation and proteolysis protection assays of GFKAR alpha mutations indicated that the previously proposed second transmembrane segment is not a true transmembrane domain. These results provide further evidence in support of a topology with three transmembrane domains that has important implications for the relationship of structure to function in ionotropic glutamate receptors.